This paper shows how longitudinal data for student enrollments and attendances can be used to obtain variances and confidence limits in the forecasts of future enrollments. The effect of historical data on conditional expectations and variances of enrollments is explicitly included in our formulas, as is the "odd-even" effect of admissions during fall and spring semesters. Thus, it is possible with little effort to obtain confidence intervals for forecasts (in absolute numbers or in percentage terms) from the same longitudinal data that provide the forecasts themselves. We include calculations for the special cases of large cohort sizes and Poisson admissions.
In 1968, S i d n e y S u s l o w , t o g e t h e r with his c o l l e a g u e s in the Office of I n s t i t u t i o n a l R e s e a r c h at the B e r k e l e y C a m p u s o f the U n i v e r s i t y of California, c o m p l e t e d a s t u d y ( S u s l o w et al., t968) of u n d e r g r a d u a t e s t u d e n t a t t e n d a n c e p a t t e r n s o v e r time. That r e p o r t c o n t a i n s s o m e of the earliest d a t a on a given g r o u p , or c o h o r t , o f s t u d e n t s , and h o w the group b e h a v e d t h r o u g h o u t its u n d e r g r a d u a t e career. M o s t institutions k e e p only c r o s s -s e c t i o n a l d a t a o b t a i n e d f r o m e n r o l l m e n t statistics. It was the availability of the S u s l o w d a t a that led the a u t h o r s to p u r s u e the f o r m u l a t i o n and a n a l y s i s of e n r o l l m e n t m o d e l s b a s e d on longitudinal s t u d e n t -a t t e n d a n c e p a t t e r n s . The a u t h o r s p r e s e n t e d a c o n s t a n t -w o r k m o d e l (Marshall and Oliver, 1970) , which e x p l a i n e d the d a t a quite sucThis paper is dedicated to the memory of Sidney Suslow, a founding member of the Association of Institutional Research, and a man whose constant energy went into the support of its purposes and goals. It was with his support and encouragement that we pursued our interest in higher educational planning; his pioneering work in obtaining longitudinal d~tta on students led directly to our work in the study of longitudinal models.
cessfully. Marshall, Oliver, and Suslow (1970) tried to find crosssectional Markovian models to fit the longitudinal data. (This latter work is presented in a shortened form in Chapter 2 of Grinold and Marshall [1977] ).
Tile purpose of this paper is to demonstrate how the longitudinal data can be used to determine variances and, hence, confidence bounds on student enrollment forecasts, in addition to finding the forecasts themselves. Thus, with each forecast we have a measure of the error that could be present.
MODEL FORMULATION
We consider discrete points in time, such as the beginning of a quarter, semester, or academic year. The particular choice depends on the model use and the availability of data. In our numerical examples we use the data from Suslow et al. (1968) , and hence our time points coincide with semesters. Thus, when we write t = 1, 2, 3 . . . . . we mean the start of the first, second, third, etc., semesters in the future; t = 0 will refer to the point " n o w " from which forecasts are being made; and t = -1, -2, -3 . . . . will refer to the first, second, third, etc., semesters in the past.
Our first aim is to derive an expression for the expected number in attendance at some time t > 0. We do not differentiate groups such as freshmen, sophomores, or lower division, upper division. This could easily be done by placing subscripts on our notation, but we choose to simplify the notation to be consistent with the Suslow data on total student attendance. Let S(t;u) be the number of students in attendance at time t who entered (for the first time) at time t -u, u = 0, 1 . . . . . Let S(t) be the total number of students in attendance at time t. Then S(t) = S(t;0) + S(t;1) + S(t;2) + . . . + S(t;u) + . . .
(l)
The data in Suslow, et al. (1968) showed that for the periods studied (1950s and 1960s) there was very stable behavior in student attendance; the fraction of students who attended a given semester after entrance was independent of when the students first entered. However, only fall-entering cohorts were studied. We assume here that stable behavior could be expected from spring-entering cohorts also, but that fall-and spring-entering students could have different continuation fractions. Let p1(u) be the probability that a student attends at time u after entering in the fall, independent of the particular entrance time. Let pe(u) be equivalent probability for spring-entering students. We also assume that
